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FIELD OF INVENTION 

The invention relates to a method and a device for the manufacture of 
corrugated material, at least one first plane sheet and one second sheet of plastic 
material arranged in wave shape being brought together for adhesion to each 
other and the wave-shaped sheet running over core bars. First members are 
arranged for feeding at least one plane sheet and one second sheet of plastic 
material running over the core bars and second members are arranged for 
bringing together and adhering the sheets. 

PRIOR ART 

Since long, different forms of corrugated board have been manufactured 
and used, above all for packing and the like. Corrugated board has very good 
insulating and shock-absorbing properties, but it is also impaired by a plurality of 
disadvantages. The largest disadvantage is, perhaps, the bad moist-resistance 
thereof. When corrugated board becomes damp, it looses a large part of the 
supporting capacity and durability thereof. 

It is also known, per se, to form sheets of plastic material to wave shape 
and connect such wave-shaped sheets with plane sheets of similar material. An 
example of this is shown and described in US-A-4897146. The sheet that is to be 
wave-shaped is heated by particular heating members, making the material plastic. 
The material is then formed to wave shape with core bars and one side of the 
wave-shaped material is pressed against a pre-heated plane sheet by a forming 
drum, which is made with recesses being ring-shaped and adapted to the core 
bars. An additional plane sheet is heated in the similar way and is pressed against 
the other side of the wave-shaped material by a second preferably cooled drum. 

The material that the sheets are made of is relatively stiff and the thickness 
of the sheets is such that at least the sheet that is to be wave-shaped has to be 



heated to such a high temperature that the material becomes plastic. When the 
joined sheets have cooled, the result is a corrugated sheet material, which, e.g., 
may be used as roof or wall panels. The device and method according to US-A- 
4897146 works well for the intended purpose, but is less suitable for other 
5 purposes, e.g. for the manufacture of corrugated material for packing and the like. 

THE INVENTION IN SUMMARY 
An object of the invention is to provide a method for the manufacture of 
corrugated material of a plurality of material sheets, which are brought over core 
bars and heated and joined together in an effective way. An additional object is to 
10 provide a device for the manufacture of corrugated material of at least one first 
sheet and one second sheet. These objects are attained by the invention having 
u received the features mentioned in claim 1 and claim 6, respectively. 

;^ According to the method, at least one sheet is heated at abutment against 

W the core bars, the first and the second sheet abutting against each other at the 

i h p 15 heating. 

% The device comprises heating members for the transfer of heat from the 

'a? : 

^ core bars to at least one sheet abutting against the core bars and comprising 

i - 

\1 plastic material, and guide members for bringing together the first and the second 

sheet at the heating. 

1 if 

Q 20 By the invention, the use of a plurality of different materials for the different 

layers in the corrugated product is enabled. Materials of different stiffness, 
toughness, friction and shock-absorption may, e.g., be chosen. The invention also 
enables a faster process start up without any extensive heating of drums or the 
like. A manufacturing process may also be finished faster and be temporarily 
25 stopped. 

The finished product has a plurality of the advantages of the corrugated 
cardboard, such as very good insulating and shock-absorbing properties, but has 
in addition higher moist-resistance and durability. Furthermore, packages having 
been manufactured of the finished product may be spray steam heated. Such 
30 packages neither emit dust particles. A material suitable in connection with the 
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invention is blown polyethylene film with chalk as filler. For many applications, it is 
suitable with a film thickness in the range of 0,03-0,4 mm. 

Packages and other products that have been produced according to the 
invention are especially suitable in the food industry. Also in the pharmaceutical 
5 industry and the medical field, it may be advantageous to use the invention. 

SHORT DESCRIPTION OF THE DRAWINGS 
The invention will now be described closer by embodiment examples, 
reference being made to the accompanying drawings, where 
fig^l^is a side view of an embodiment of the device according to the invention, 
10 fig. 2 is a cross-sectional view, which shows how a corrugated material according 
to a first embodiment is produced, 
fig. 3 is a cross-sectional view, which shows how a corrugated material according 

to a second embodiment is produced, 
fig. 4 is a cross-sectional view, which shows how a corrugated material according 
15 to a third embodiment is produced, 

fig. 5 is a cross-sectional view, which shows how a corrugated material according 

to a fourth embodiment is produced, 
fjg^&js a longitudinal section view from the line A-A in fig. 7 of member for 
corrugation of the material and 
20 fig. 7 is a cross-sectional view from the line B-B in fig. 6 of the member in fig. 6. 

THE INVENTION 
Fig. 1 shows in principal how a manufacturing line, which operates 
according to the invention, may be made. A first part A, which is shown with dash 
and dot lines, comprises a first roll 10, a second roll 11 and a third roll 12, all 
25 winded up with a suitable sheet material, as well as conventional sheet stretching 
members 13. The different sheet materials are brought together in a second part B 
and form different layers of the finished corrugated material. It should be observed 
that material thickness, mutual distance between different components and other 
geometrical relations in fig. 1 as well as subsequent figures are not true to scale. A 
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plurality of dimensions and distances have been changed in relation to real 
conditions in order to show features of the invention more clearly. 

The elements that are included in part A may all be made according to prior 
art. However, it is important to notice that various sheet materials, both thickness 
5 and the material as such, may be arranged on the different rolls. For most 

applications, it is suitable to use polyethylene (PE) and polypropylene (PP) with or 
without so called fillers. A suitable filler may be chalk. 

Within the scope of the invention, entirely other materials may also be used. 
For instance, it is possible to use aluminum or other similar material in some layer 
10 in order to achieve high tightness against gas permeation. Materials that in itself 
cannot be heated together with the material of an adjacent sheet should be coated 
with or arranged next to a plastic layer. 

The sheet or sheets 16 that are to be corrugated or formed in wave shape 
are preferably wider and rolled on wider rolls than other sheets, so that the 
15 finished corrugated material comprises equally wide layers. If the sheet 16 is 
Lf! narrower, it will be stretched during the corrugation. Before this sheet 16 is 

brought together with other sheets, it is suitably corrugated in a corrugation 
device. In the embodiment shown, the corrugation device comprises an upper 
plate 14 and a lower plate 15, which is described closer reference being made to 
20 figs. 6 and fig. 7. An alternative embodiment of a corrugation device comprises two 
cylinders. In such an embodiment, it may be suitable with pre-heating of the sheet 
16 before the corrugation and then cooling of the sheet 16 afterwards. 

After the corrugation device, the corrugated sheet 16 is led in between at 
least one set of upper core bars 17 and one set of lower core bars 18. These are 
25 described further below, reference being made to figs. 2-5. An upper sheet 19 from 
the first roll 10 and a lower sheet 20 from the third roll 12 are brought together with 
the corrugated sheet 16 at the core bars 17 and 18. The core bars 17 and 18 
extend in the common long direction V of the sheets, which is indicated at the 
corresponding arrow in fig. 1. In certain applications, the corrugation device may 
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be omitted or be integrated with the core bars. The two sets of core bars 17 and 18 
are suspended behind or outside the sheets in a way not shown closer. 

The sheets are heated by the core bars 17 and 18 and joined together to a 
corrugated sheet material through co-operation with an upper press roll 21 and a 
5 lower press roll 22. After the joining, the ready-formed sheet material is brought 
further in the direction of the arrow V in a conventional way by an advancing upper 
driving roll 23 and an advancing lower driving roll 24. The upper press roll 21 and 
the lower press roll 22 may in some embodiments together advance the sheet 
material in a desired way. In such a case, the driving rolls 23 and 24 may be 
10 omitted. 

The driving rolls 23 and 24 are included in a third part C, which in a 
conventional way may comprise at least one guide roller 25 and one cutting 
mechanism. In the embodiment shown, the cutting mechanism comprises an upper 
knife 26 and a lower knife 27 co-operating therewith. The knives 26 and 27 
15 suitably move up and down and' cut off the sheet material in sheets of suitable 
7% length. Additional cutting devices cut the sheets to desired width. The size of the 

^ sheets is, to a large extent, dependent on the application for which they are 

□ intended. The third part C constitutes not in itself part of the invention and may be 

U 

given another design depending on the application in question. 
j~ 20 In fig. 2, an example is shown of how the core bars may be arranged when 

; c=f 

ft) a sheet material having three layers, one of which is corrugated, is to be produced. 

In this case, an upper line of core bars 17 is arranged with a certain mutual 
distance between adjacent core bars. A lower line of core bars 18 is arranged with 
the same mutual distance, but displaced in relation to the upper line, so that the 
25 space between the core bars is filled out with space for an intermediate sheet of 
material. 

All core bars have, in this embodiment, triangular cross-section, but other 
shapes may be chosen depending on the application in question. The sheet 16 
that is to be corrugated runs between the upper line of core bars 17 and the lower 
30 line of core bars 18. The upper sheet 19 runs exactly above the upper line of core 
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bars 17 and will be pressed against the sheet 16 between the lower line of core 
bars 18 and the upper press roll 21. Correspondingly, the lower sheet 20 runs 
exactly below the lower line of core bars 18 and will be pressed against the sheet 
16 between the upper line of core bars 17 and the lower press roll 22. 
5 The pressure that is effected by the press rolls 21 and 22 may in an 

alternative embodiment be generated by difference in ambient pressure or by the 
fact that the material in the sheets is stretched in the latitudinal direction. In such a 
case, the press rolls 21 and 22 may be omitted. An additional alternative to the 
press rolls 21 and 22 may be reciprocating press plates. The press plates are 
10 quickly brought towards the core bars and press together a portion of the sheets in 
the way described above during the phase when the sheets are welded together. 
Next, the press plates are retracted, so that the sheets may be fed forwards and a 
new portion of the sheets comes in the correct position for welding together. 

At least parts of the portions of the core bars 17 and 18 which abut against 
1 5 the sheet 1 6 and/or the upper sheet 1 9 and/or the lower sheet 20 are provided 
with heating members 28. By the heating members 28, heat is transferred to 
abutting and adjacent material sheets to such an extent that a joining of the sheets 
is achieved. The heating is local in smaller contact surfaces, which means that the 
desired temperature may be attained fast. In a preferred embodiment, the joining 
20 takes place in connection with the press rolls 21 and 22 driving the sheets 

forwards and, consequently, the sheets being in motion. In the other parts, the 
core bars 17 and 18 are not heated. 

In a simple embodiment, the heating member 28 comprises electric heating 
conductors, which extend in the longitudinal direction of the core bars and which 
25 are supplied from conventional power supply units (not shown). It is also possible 
to transmit heat to abutting sheet portions in another way. The requisite energy 
may, e.g., be supplied to the contact surfaces through ultrasound, laser and other 
similar forms of energy permitting local or directed transmission of energy. The 
transmission of energy may also take place inductively or in a similar way and then 
30 be concentrated in the core bars 17 and 18, so that heating takes place locally. 
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As mentioned above, there may be different material compositions in the 
different sheets. Aluminium foil or a similar material may be used in some layer. In 
certain applications, it is suitable to use an intermediate layer, e.g. the sheet 16, 
with a lot of filler and two outer layers with less filler. Thereby, a sheet material is 
5 effected, which resists high load in the channel direction at the same time as the 
outer layers are very elastic. Such a sheet material is very suitable for use to 
packaging. 

The material thickness may also vary in the different layers and according 
to the application in question. The sheet 16 that is to be corrugated may in that 
10 connection be made in a considerably thicker and stronger material than the other 
layers in order to obtain very good properties as for durability and impact 
resistance. In the same way, also other layers may be given desired properties as 

M 

□ for, e.g., durability and impact resistance. 

I = j Fig. 3 shows an alternative embodiment with a third set of core bars 29 

I"* 15 inserted between the upper line'of core bars 17 and the lower line of core bars 18. 
Lfj The third line of core bars 29 has a cross-section adapted to other core bars and 

is provided with a second set of heating members 28' and 28". In the embodiment 
p shown, the core bars 29 are made with square cross-section. Also the sheet which 

fU is to be corrugated is doubled in an upper corrugation sheet 16 and a lower 

q 20 corrugation sheet 16'. The double heating members 28' and 28" enable, together 
W with the heating members 28 of the upper core bars 17 and the lower core bars 18, 

the composition of a more complex sheet material. As is seen in fig. 3, the result is 

two outer plane layers and two inner corrugated layers. 

Fig. 4 shows a simplified embodiment with only two material sheets. A lower 
25 sheet 20 is plane and a sheet 16 is corrugated in the same way as has been 

described above. In fig. 5, an alternative embodiment is shown with a first 

corrugated sheet 16 and a second corrugated sheet 16'. In other respects, the 

embodiments according to fig. 4 and fig. 5 equal the embodiments described 

above. 
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The section view in fig. 6 schematically shows how a device for corrugation 
of the sheet 16 may be made. A lower plate 15 is V-shaped with the sheet 16 
moving towards the tip of the plate. The sheet 16 moves in the direction of the 
arrow V. The plate 15 is made with alternating v-shaped recesses and v-shaped 
ridges. The device for corrugation may be entirely omitted, if the resulting sheet 
material is not too wide. An upper plate 14 (see fig. 7) with a corresponding shape 
fits into the recesses and ridges, respectively, of the lower plate 15. 

The embodiment of the device for corrugation is seen more clearly in fig. 7. 
The v-shaped recesses and ridges, respectively, are clearly shown in the figure. 
The shape of the recesses and of the ridges, respectively, is adapted to the shape 
of the core bars, so that the sheet is corrugated in the desired way, before it 
reaches the core bars. By virtue of the V-shape of the sheets 14 and 15, the sheet 
16 will start to corrugate in a central portion. The sheet 16 is then corrugated 
outwards towards the sides from the central portion as the sheet fed forwards. 
Thereby, too large a load on the sheet material during the corrugation process is 
avoided. 

According to an alternative embodiment, the core bars are arranged in the 
same V-shape as the sheets 14 and 15 shown in fig. 6, which thereby may be 
omitted. 
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